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FORMULATING RATIONS AND PROTEIN SUPPLEMENTS fOR 
THE ESSENTIAL AMINO ACIDS REQUIRED BY SWINE 
-R. J. Meade, Associate Professor 
Department of Animal Husbandry 
University of Minnesota 
The compounding of rations and protein supplement's for growing swine is 
rgely a matter of formulating the protein supplement portion of the ration to 
orrect the ami.no acid deficiencies of the energy portion -- usually corn. The 
rotein of corn is deficient in tryptophan and lysine, and it may be deficient in 
ethionine, isol·eucine and threonine. Hence, the choice of protein supplemental 
eeds should be based on their ability to supplement or correct essevtial amino 
?-cid deficiencies of the energy feed. An exception to this appears in the case of 
arley which may contain enough of all' of the essential amino acids except lysine, 
nd possible methionine. 
Under practical conditions a high percentage of hogs are fed yellow corn and 
rotein supplement free-choice, or the supplement is hand-fed or mixed with 
round corn to control the protein conter1t of the ration consumed. 
There now appears to be sufficient information available on the protein re-
urrements of pigs to justify the recommending of a 16% protein ration for wean-
i,1g age pigs. The protein portion of the ration must contain adequate amounts 
f the essential amino acids. Based upon the results of many research workers 
he amino acid requirements of weanling age pigs fed such a ration are approxi-
ately: 0. 20% arginine (the pig can synthesi~e the remainder o'f its requirement.), 
. 20% histidine. 0. 54% isoleucine, 0. 84% leucine, 0. 80o/o.lysine, 0. 28% methionine, 
. 58% phenylalanine (plus tyrosine}, 0. 50% threonine, 0.13% tryptophan and 0. 50% 
aline. 
Any protein supplement or protein supplemental feed must, then supply enough 
f the previously mentioned critically deficient amino acids of yellow corn to 
rovide a final ration whech contins at least the above amounts of those amino 
cids when the two are used together. Corn contains approximately 0. 07% of 
tophan and soybean oil meal contins approximately 0. 52% of this amino 
cid. A 16% crude protein ration based upon these two in,gredients would contain 
pproximately 0.18% of tryptophan which has been demonstrated to be adequate for 
rowing pigs. Thus a 40o/o protein supplement would have to contain approximately 
34% of tryptophan to meet the pig's requir.ement, but would need to contain 
arly 0. 54% of tryptophan to make it compare favorably with 45% solvent soybean 
meal. In addition to soyl:::ean oil meal, linseed oil meal, fishmeal and blood-
al are good to excellent sources of tryptophan. Meat and bone scraps appear 
e somewhat limiting in both amount and availability of tryptophan. 
When corn is supplemented with solvent soybean oil meal to provide a 16% 
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FORMULATING RATIONS AND PROTEIN SUPPLEMENTS fOR 
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The compounding of rations and protein supplement's for growing swine is 
largely a matter of formulating the protein supplement portion of the ration to 
correct the amino acid deficiencies of the energy portion -- usually corn. The 
protein of corn is deficient in tryptophan and lysine, and it may be deficient in 
methionine, isoleucine and threonine. Hence, the choice of protein supplemental 
feeds should be based on their ability to supplement or correct essential amino 
r 
acid deficiencies of the energy feed. An exception to this appears in the case of 
barley which may contain enough of all' of the essential amino acids except lysine, 
and possible methionine. 
Under practical conditions a high percentage of hogs are fed yellow corn and 
protein supplement free-choice, or the supplement is hand-fed or mixed with 
ground corn to control the protein conte[lt of the ration consumed. 
There now appears to be sufficient information available on the protein re-
qui-rements of pigs to justify the recommending of a 16% protein ration for wean-
i.1g age pigs. The protein portion of the ration must contain adequate amounts 
f the essential amino acids. Based upon the results of many research workers 
he amino acid requirements of weanling age .Pigs fed such a ration are approxi-
ately: 0. 20o/o arginine (the pig can synthesize the remainder Ol its requirement.), 
. 20o/o histidine. 0. 54% isoleucine, 0. 84o/o leucine, 0. 80o/o.lysine, 0. 28% methionine, 
. 58o/o phenylalanine (plus tyrosine}, 0. 50% threonine, 0.13o/o tryptophan and 0. 50% 
Any protein supplement or protein supplemental feed must. then supply enough 
f the previously mentioned critically deficient amino acids of yellow corn to 
rovide a final ration whech contins at least the above amounts of those amino 
i cids when the two are used together. Corn contains approximately 0. 07% of 
!ryptophan and soybean oil meal contins approximately 0. 52% of this amino 
: cid. A 16% crude protein ration based upon these two in,gredients would contain 
roximatel y 0. 18% of tryptophan which has been demonstrated to be adequate for 
rowing pigs. Thus a 40o/o protein supplement would have to contain approximately 
. 34o/o of tryptophan to meet the pig's requir.ement, but would need to contain 
early 0. 54% of tryptophan to make it compare favorably with 45o/o solve_nt soybean 
. l meal. In addition to soytean oil meal, linseed oil meal, fishmeal and blood-
are good to ·excellent sources of tryptophan. Meat and bone scraps appear 
be somewhat limiting in both amount and availability of tryptophan. 
When corn is supplemented with solventsoybean oil meal to provide a l6o/o 
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protein ration the mixture will contain approximately 0. 77% of lysine which is 
qelow the suggested allowances, but which has been shown to be an adequate amount 
Qf lysine for growing pigs. On the other' hand, supplementation of corn linseed oil 
meal to make a 16% protein diet supplie~ only 0. 45% of lysine in the diet. A 40o/o 
drylet protein supplement, making up approximately 24% of a 16%. protein diet, 
~h:ould c·---ntain approximately 2. So/o of lysine. Tankage, fishmeal, meat scraps, 
bloodmeal and soybean oil meal are good to excellent sources of lysine. When pro-
tein supplemental feeds of high lysine content are used in the proteir• supplement 
it is poss{ble to include feeds as linseed meal or wheat middlings which contain. 
lesser amounts of lysine in a 40o/o drylot supplement. ,_ ' w I . 
.. ammal 
to ace 
A typicall6o/o protein corn-soybe!ln oil meal type of ration will contain approxi- · a feed 
mately 0. 26% of methionine which appears to be adequate when the ration also l d. 
- · Ln 1cat 
contains p. 3o/o of cystine. Most commonly used protein supplemental feeds when i 1 
· . percen 
used properly with one another to make up a protein supplement with which to supple-
ment corn will provide a final ration containing at least the recommended amount 
of methionine. 
Detailed information will be presented on the amino acid requirement and 
allowances for growing pigs. Information on the ability of separate protein feeds 
to complement one another to provide adequate amounts of the ecs sential amino 
acids in the protein supplement will also be presented. 
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ENZYMES IN BABY PIG NUTRITION. 
A. J. Wood, Professor 
Animal Nutrition, Director Central Depot for Expr~rimental Animals 
University of British Colu~mbia 
Vancouver 8 British Columbia 
Within the past ten years there has been a renewed interest in the study of 
'mal growth and in the efficiency of growth processes. In Canada we had come 
accept six months as the time required to produce a 200 pound bacon hog with 
feed efficiency of about 3. 5 pounds of feed per pound of gain. Recent research 
dicated that this period can be reduced to four months with at least a fifteen 
wh,en ercent improvement in feed efficiency. 
supple-
amount 
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Put in other t·erms, there is good reason to believe that in most cases we have 
ot yet approached the full genetic potential. fr~ grov,'th possessed by our present 
reeds of livestock. I most confess that this is a hazardous statement £or a nutritionist 
make in one of the lecture halls of this University where the famous new Minnesota 
wine breeds were conceived and developed. 
The advent of antibiotic feeding, a more detailed knowledge of swine nutritive re-
irements, improved sanitation and management procedures and improved genetic 
orth in our swine population have all contributed to the progressive gains we have 
ade in swine production. As with all such gains each step forward makes each 
ubsequent step more difficult. To take the familiar DC3 aircraft from 150 miles 
er hour and expand it to the DC6 with three times the capacity and twice the speed 
as a real achievment for the aircraft industry. To again double the capacity and 
uble the speed is proving to be a tremendous challenge to the genius of aircraft 
signers. Their research and development costs are astronomic in terms of our 
inking when we plan animal research. 
A fewyears ago we felt that we had reached the DC6 stage in terms of swine 
owth and would have to put forward a much greater ef~ort to make the improve-
ents tr:3.t the expanding livestock industry demand. 0 ur research and develop-
ent p1ogramme was fairly easy to conceive but its successful prosecution 
esented real difficulties. 
( Growth curve studies showed beyond question that a definite slowing up of 
· ;owth occurs in the suckling pig between its second and third wee]': of life. To 
stain the relatively fantastic rate of growth achieved during the first two· weeks 
.(life on a milk diet it was apparent that the design of assimilable and nutritionally j equate creep feeds was essential. The best sow that the ani'"mal geneticist could 
'felop would fac e the physiological impossibility of pr~ducing twenty to thirty 
!unds of milk per day to sustain maximun potential growth rate in her litter of 
pigs. 
-4-
The provision of an assimilable creep feed required an intensive study of 
the digestive enzyme system of'the suckling animal. A knowledge of these enzyme 
systems would permit the formul2.tion of creep rations from .ingredients that can be 
digested and assimilated. Our studies to date indicate that the milk-sugar digest-
ing enzyme lactase is present in large amounts in the small intestine du:cing the 
first two weeks of life and that it then disappears rapidly. Paralleling q~e disa-
ppearance of lactase there is a marked increase in the level of the other enzymes 
necessary for the breakdown of starchamd other carbol):ydrates. The level of the 
fat splitting enzyme lipase is high at bi:it.th remains higl;l to eight weeks of age. 
Nutrie 
ody to be 
elease en 
Th h f l . h . ~a in m e r! e recent reports on t e use o proteo ytlc enzymes sue as pepsrn suggest uminant ~ 
that similiar detailed studies are necessary on this group of digestive agents: Other 
igest to a 
studies have shown that the nature of the dietary fat can markedly influence its 
. b"l' d. . d I b . A h . 1 b l d . n e r g y r e l suceptl 1' rty to rgestron an or a sorptron, s t e anrma ecomes o er rts . . 
1
. 
b .l. h dl h 1 h . f . Th . . h' ha.gestlon a 1 rty to an e t e onger c arn ats appears to rncrease. e precrse trme at w rc · 
this change in the digestive system occurs is not yet known with certainty. A recent/ 
report by Cunningham and Brison suggests that no improvement in the digestibility of/ The pll 
h f . h l b . h l . dd d eeds and t e l:S mea or soy ean proterns occurs w en proteo ytrc enzymes are a e to 
. . Th · 1 h . h h b ency and ~ swrne creep ratrons. ese resu ts are c'ntrary tow at mrg t ave een expected 1 . 1 
f C Th k ·ct-. l d h h 2 5 d ld . ,ate hu:h e rom atrons reports. e same wor ers rtilC!.Ve a so note t at t e to . ay o prgi '-' I 
can digest maltase readily. Fischer and futton have shown that the rat can readily I W ,_ 
digest cellobiase. They have also s·hown that calcium gluconate inhibits intestinal . . h~~el 
. . . . Hnrng rts<: lactase but does not rnhrbrt sucrase and cellobrase. Most of the reported work to ' . 1 
date has dealt with tt.c digestive enzymes as such and has not touched on the role of aindrme col 
b . . h . .1 . f th d' d d 0 d . . 3 ependeJ a sorption rn t e assrnn atlon o e rgeste pro ucts. ur own recent emonsta!:atro. 1 
of ':he absorption of amino acids from the rumen of the goat would indication that.· ~nance pui 
h dd . . 1 h . d d t.. f h b Letary sou muc a rhona researc rs nee e on tEe nature o t e a sorption mechanisms. I 
To summarize, it is quite appar~nt that the sum total of our present knowledge 
on this subject is wholly inadequate to permit immediate application. It is equally 
apparent that rich re'lfards for the feed industry will be forthcoming if and when the 
essential basic research is concluded. 
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ENERGY IN DAIRY CATTLE FEEDING 
J. D. Danker, Associate Professor 
Department of Dairy Husbandry 
University of Minnesota 
Nutrient ene·rgy is the fL1eT of the body-which:enabl.es the many processes of the_ 
ibody to be carried on. Many nutrient compounds can be o~·~idized in the body and so 
.!release er1ergy for body use. We generally think of carbol;ydrates and fats as the 
main m ~rgy sources, but protein can also serve as a source of energy. The 
uminant animal is set apart because it can, by virtue of its !'fermentation vat", ~Other 8igest to a considerable extent the complex carbohydrates and utilize much of the 
s energy released from them. e. g. cellulose. This process of bacteriological 
ts . /aigestion is quite limited in species not haveing a rumen. 
·at wh1ch! 
' I 
recent 
~bi.lity of 
a to 
lxpected 
old pig 
The practical application of the scientific information concerned with energy 
. eeds and uses in dairy cattle feeding encompasses two concepts - nutritional effic-
ency and economic efficiency. High nutritional efficiency does not necessarily indi-
~ate high efficiency, economically speaking. 
. . Whatever combination of functions an animal is performing - growing, m.ain-
stmal '\ · · · lf k' · f ' · 'lk · f h 
· ta1mng 1tse , wor 1ng, grow1ng a etus, or proauc1ng m1 , etc. - energy 1s o t e 
k to . prime consideration in feeding that animal. Productive performance of livestock 
role of a ., d d . ,, . L k . f h t .. d f . ; . , s epen ent maJora_,y upon an energy 1nLa e 1n excess o t a requ1re or ma1n-
onst;r.at1o . 
that · •enance purposes. Such sources of eners:.Y must, 1n the long run, be gotten from 
rn s. 
·'wledge 
qually 
hen the 
· ietary sources. 
There are certain relationships among. vc:t<ious nutrient principles which can 
·e expressed by ratio, e. g., iJOult.ry nutritionists speak of a calorie-to-protein 
.atio, In animal nutrition, an almost synonymous term is nutritive ratio, l part 
'1·ioestible protein to x: parte digestible no--r:; trogenous nutr~ents. In milking cows, 
• ~l.o~trasted ta most grov;ing animals, as producti·ve performance is increased by 
~~. ncreased nutrient intake, the p:::-oportion of protein needed in the ration increases 
) nd it does not suffice to hoJ.d the energy-~o-protein ratio constant as the energy 
· ·ontent of a ration is increased. Protein content must increase at a somewhat 
/
'laster rate. This is because the nutritive requirement for milk production in 
•erms of protein is more demanding than maintenance requirements. As has 
·een mentioned, productive p-erforrr:.ance is dependent upon energy intake in excess 
( f mainte~2.~ce requiren~E:nts. Of e~~al im.portance is. th~ _fact tha: per_formance 
.· soften hm1ted by feed 1ntake capac1ty and the most hm1t1ng nutrient 1s energy. 
{' e shall return to this limitation shortly, after another observation regarding 
1 rotein-energy relationships. Considerable energy can be sotred in the body 
br later production needs. Only small amounts of protein can be stored, and 
Htle p:totein is available for productive purposes in times of a negative balance 
uring the early part of lactation when most cows are in negative energy balance, 
·very effort should be made to provide protein according to production require-
ents as these needs must be met day be day. Therefore, based on intakes, 
-S- I 
a nutritive ratio is of little practical importance in this circumstance. ( 
I 
0 
To exemplify the magnitude of energy needs in terms of feedstuffs and other i 
l 
nutrients, an example is offered. A thousand-pound cow required 8. 0 lbs. TDN . 
and . 6 lbs. digestible protein, the nutrient needed ir. second largest quantity (exclJ~ 
ing air and water), or over l3 times as much energy as protein. Generally, the n 
:elationship betwe~n prote~n and energy is il.lustrate.d by a requireme.nt demonstrati 
1ng a narrower rat1o. To 1llustrate: In the production of low-test m1lk (3%B·. :F.) 
the ratio between TDN and protein is considerable lower, i.e., 7. It can be 0 
quite easily seen that even a cow producing very heavily required about 9. 0 times :u 
as much digested feed for energy as digested protein. In terms of a standard-type ol 
high productior. ration (nutrient source -60% forage, 40% concentrate), this would •n 
be a ration containing about 60% TDN {l0-12% dry matter equivalent), with a content~ 
of digestible protein of 7. Oo/o. ~~ 
r 
Chemically speaking,. 2. r·ation with such a protein: energy content is easy to f 
compound using materials low in cost. Logically, it follows that if enough energy i1l 
consumed from such a c:l:emically balanced ration, there will be consumed sufficiein 
of the other major nutrients also. However, physical and physiological limitation~~ 
restric.t the intakes of feedst~ffs in such mann~r that ra~ely, if ever, could a high-;rl 
produc1ng cow earl.y 1n lactation meet her nutnent reqmrements from forage or )J 
even from rations made up with a high proportion of concentrates. It is not enough1 
to be able to meet the daily average requi.rements for eac~ day, as an animal in ·,1 
negative balance adjusts p!·oduction against intake after depleting reserves. To a 
most nearly meet the daily need on a daily basis, it becomes necessary to think 1> 
in terms of a ration which is highly concentrated in nutrients. A more concentratei 
ration usually enables a greater intake to be achieved, and therefore a higher level/ 
of performance can be achieved and maintained. Increasing the energy content of a 
I 
ration does achieve high nutritional efficiency, providing that ration is consumed 1 
in large quantity. Economic efficiency is certainly enhanced in most cases by the ,tl 
first few additions of concentrate to a forage ration. However, as grain feeding is\:> 1 
inc reased to the point where an animal is receiving more grain than one pound to 'u 
five of milk, economic efficiency falls rapidly in most circumstances of costs of 
feedstuff and prices for milk. This relationship can be appreciated when one 
considers that the first few additions of grain allow milk for each additional 
pound of grain added. n The total additional cost to a ration caused by adding grain /h 
is not as large as the grain cost itself, as such grain replaces forage in increasin~ ~ 
aY0ounts as it is added to a ration. '1 ' 
< I 
\C• 
What are the energy needs of growing animals needed as replacement stock? b I 
The attainment of sexual maturity is governed mainly by age and level of nutrition.!~ 1• 
Animals on a high plane of nutrition become sexually mature much earlier, com- c 
1 
ing into estrus two or three months earlier than those on a low plane of nutrition. 
If the plane of nutrition is too low, conception is unduly prolonged. It has been 
found by several irlvestigators in this country and abroad, that heifers raised on 
a 'relatively low plane of nutrition actually outproduced control animals of corn-
parable age which freshened at the same time, but which had been well fed. 
:WiiiiO"==---~ ~~~- ~- ---- ~---~- ~-- ~- --~- --~--~-~-~ 
_, 
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~eeding after milking ensued, or in some instances, two or three months previous 
o calving was similar to both groups. While the animals fed on the low plane were 
d other ;oo pounds lighter at first calving, in many instances most of this weight was gained 
~- TDN !.eck during the first and second lactations. By the end of three lactations, the ani-
tity (exclu4,als raised on the low level had produced slightly more, or equal amounts, of 
ly, the ~ilk compared to the "well-raised11 heifers. . 
~monstrat-
~o/oB. F.) · We have been talking about certain relationships of energy to productive per-
~ be prmance as if it is all a rather simple matter of balancing units of nutrient re-
. 0 times luirements aginst intake of nutrient units in feed. In reality, there reamins much 
dard-type o be desired concerning the unit in which requirements for animals are recorded ~is would \nd by which feedstuffs are evaluated. TDN is the common unit linking animal needs 
h a content1nd feedstuff sources of energy used most commonly in animal feeding in this country. 
ty the fact that this unit is not universally accepted today, 55-60 years after its in-
. oduction, would lead one to be critical of its value. Simply stated, the TDN value 
s easy to f feedstuff is derived from information about what the animal does to the feed. Of 
gh energy ipuch greater concern to the feeder is- 'N.hat will the feed do for the cow, the net 
ed sufficie ~ergy concept. There are those who would argue that the TDN value gives a net 
limitations,n.ergy evaluation to a feedstuff. It has been quite well demonstrated that for most 
~ld a high- roductive needs, a unit of TDN in the form of low-fiber feed is much more valuable 
'rage or ~r productive purposes than a unit from a high fiber feed. Much heat is produced 
'not enoughnd wasted as a result of the high fiber content of certain feedstuffs. They are not 
imal in speaking aginst the use of forage materials as a source of nutrients for dairy 
j,es. To attle. They wish to emphasize, however, that whenever one uses the TDN unit 
o think !l evaluate roughages or forages, the material i's overevaluated insofar as the 
I 
oncentrate~gh-producing cow is concerned. 
'icrher level' 
b ' 
.content of <ll A net energy scheme of measuring energy values of feedstuffs, individually and 
consumed ~combination, is in use in Europe in either one o£ two forms. In one case, a 
ses by the ~andard feedstuff, barley, is used as a reference standard, and other feeds are 
1
, feeding is pmpared to it. In another system, the reference material is a purified energy 
I'~ pound to ~bstance, starch, and substances are compared with it and given starch values. 
li costs of ' 
,rn one f The greatest difficulty with the net energy concept of evaluating a feedstuff 
llonal 
1 
that the value differs with various productive levels and the type of function for 
l'ding grain hich it is util.ized., and how the feed in question is blended into the ration. Thus, 
1 increasinglere is no one value for a feedstuff under a scheme of evaluating feedstuffs on 
' e basis of what it would do for the animal. Whether or not this is a valid cri-
cism of a system o£ evaluating feedstuffs is seriously questioned. It is already 
~nt stock? fparent that different forms of TDN have divergent values accoriiing to their 
f nutrition. 0urce and use. It is a simple step to adjust net energy values of feedstuffs 
ier, com- ·cording to their use, once these values have been adequately determined. 
nutrition. 
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VALUE OF GRAIN SCREENINGS FOR CATTLE 
A. J. Wood, Professor 
Animal Nutrition, Director Centra,l Depot for Experimental Animals 
University of British Columbia 
Vancouver 8, BriHsh Columbia 
I r. Wood offers the following summary of information of this subject. This summary 
as based on the questions that have arisen in connection with this feed product over 
fhe past five years. The facts stated belOVf are gathered from research and field 
!l."ecords accumulated over this period. 
~1) Raw Refuse Screenings: A long series of prox1imate analysees were carried out on 
run of elevator refuse screenings produced in the Port of Vancouver. The period 
covered by the samplings was October, 1948 to the present. Moisture content has 
ranged from 8. 7% to 15. 3o/o crude protein on a nitrogen times 6. 25 basis from 8. 3% 
to 14. 8%, crude fat from 3% to 7. 8o/o, crude {i.ber from 7. 8% to 24%, Ash from 6. 6% 
to 9. 2% and nitrogen free extract from 41% to 52%. The mean for all determinations 
carried out to date with corresponding figures for oats, wheat and barley are given 
in Table I. 
able I The composition of Refuse Screenings Relative to Wheat, Oats, and I . . . Barley. 
{
eedi.ng Stuff Moisture Protein Fat Nitrogen Fiber 
nx6. 25 Free Extract 
f[e:~:~ings 10. 7 10. 5 
heat 10. 5 13. 2 
ats Pacific .8.8 9.0 
arley (Pacific) 10. 2 8.7 
5.3 
l.9 
5.4 
-~. 
1.9 
47.5 
69.9 
62. 1 
70.9 
17. 7 
2.6 
11. 0 
5.7 
Ash 
7.9 
. l. 9 
3.7 
2.6 
Fractionation of representative samples of refuse screenings indicate that they 
ill contain from forty to fifty. per cent of weed seeds. 
Ground Fractionated Refuse Screenings: The screenings that are used for pellet 
production are partially cleaned to remove chaff and are ground to- pass a screen 
This operation is carried out to facilitate pelleting and to ensure uniformity 
in the final product. ~he effect of this fractionation and grinding p_rocedure is 
brought out in Table II below. 
ble II: Proximate Composition of Production Runs of Refuse Screenings 
Pellets Manufactured from Fractionated Refuse Screenings 
I' 
l_j 
. ' 
' 
'· 
! .---~---
Date of 
Production 
Dec. l/ 53 
Jan. 4/54 
.Apr. 5/54' 
May 4/54 
June9/54 
July 12/54 
Sept. 3 I 54 
Oct. 4/54 
July 16/56 
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Protein 
ll. 4 
ll. 7 
12. 8 
ll. 7 
12. 7 
12.8 
ll. 8 
12. 3 
12. 6 
Fat Fiber 
6.3 14. 5 
7.4 1~.3 
5. l 14. l 
5.9 13. 4 
5.9 14.3 
6.4 ll. 7 
6.2 13. 8 
6.2 12.9 
6.8 13. 4 
The figures presented have been taken at random from a long series of analysees on 
production runs of refuse screenings pellets. It should be noted that the fractionatio 
I 
procedure has had the effect of removing a part of the crude fiber in the form of 
chaff and a part of the ash to yield a very uniform product. 
~ 
(3) Weed Seeds in Refuse Screenings: As mentioned above the raw refuse screening5 
contain appreciable amounts of various weed seeds. It is these weed seeds that 
contribute a major portion of the nutritive value of the final refuse screenings 
pellets. Recent analysees for amino acid content carried out on pure samples 
of the various weed seeds found in refuse screenings show that the weed seed 
proteins are comparable with linsee<a, ccttonseed and soya meals with respect , 
to protein quality. These results have been cmfirmed by net protein utilization: 
trials on representative samples of weed seeds. These trials indicate that 
many of the weed seeds contain proteins that are of comparable biological 
value to those of the soybean. As .:Vould be expected the weed seeds contribute 
appreciably to the relatively high fat level noted in the final refuse pellets. As 
far as can be determined this fat fraction, is utilized by the a'nimals fed on the ; 
;refuse pellets. 
-(4) Weed Seed Devitalization: The safe use of refuse· screenings as a feeding 
stuff is of course dependent upon complete devitali,zation of the we'ed seeds. 
The grinding process used in the fractionation of the raw screenings reduces 
the viable weed seed count. to levels commonly foun:d in normal feeding stuffs. 
To further ensure that all vitality is destroyed the fractionated screepings are 
' 
5) 
h~ 
~ 
C< 
I 
r~ 
pj 
hJ 
I 
WJ 
I 
C<l 
d 
I Pi 
w1 
S(] 
~~ 
b~ 
:J 
(J 
I 
tri 
hal 
:fl 
on I 
pel 
f . I J.Vi 
is 
mi 
cat 
th~ 
I an~ 
wd 
~vl·l 
lS 
dig 
I has 
ha~J 
! 
weJ 
caJ 
0~ ,I 
bod 
Fiber 
14. 5 
l~. 3 
14. l 
13. 4 
14. 3 
I 
ll. 7 
13. 8 
12. 9 
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heated to a temp~rature of 205° F. with moist heat and' held at this temperature 
for one and one half minutes. ~arl y ).n the· research on this feeding stuff it 
was discovered that the weed seeds are very' susceptible to heating it is is· 
carried out in the presence of m-oisture. This finding confirms earlier results 
reported by the l.aboratorie:s of the Canadian National Research Council. 
Prolonged heating is requir~d in tre ~bsence of moisture. In fact the amount of 
heat required under such circumstances is so great that it makes devitalization 
with dry heat uneconomic. Extensive tests for weed seeds vitality have been 
carried out on the devitalized pellets by the Plant Products Division of the 
Canada Department of Agricult~re. Their studies show that the processing 
procedure that has been evolved is completely effective and ensures a vital 
weed seed free product. Feeding trials with raw unheated and unground refuse 
scree.nings show that most of the weed seeds pass through the digestive tract 
of the bovine or sheep without breakdown. This indicates ,that the net yield of 
the weed seeds pass through the digestive tract of the bovine sheep without 
breakdown. This indicates that the net yield of nutrient energy to the animal 
consuming such screenings will be measurably below that obtained on the 
processed material. 
13. 4 5) Feeding Trials: 
:malysees on 
b fractionatio 
form' of 
;e screenings; 
!d seeds that 
screenings 
:re samples 
1weed seed 
!lith r.e~p~~t 
in uhhzatlon 
!I ;;ate that 
'l !,logical 
Its contribute I 
~ellets. As · 
; fed on the 
II 
[eeding 
bd seeds. 
'gs reduces 
fding stuffs. 
t·eeninas are 
' 0 
(a) Acceptability of the Feed to Animals: Extensive laboratory and field s'cale 
trials show that the pelleted r.efuse screenings are completely palatable. It 
has been standard practice to give animals that are being placed on refuse pellets 
a very light feeding of hay the night before being placed on feed. Acceptance 
• L 
of the pellets the next morning has been excellent. Where animals have been 
on a grain or other feed pellets it has been our custom to substitute refuse 
pellets for the other feed at the rate of twenty per cent per day until after 
five days the a.nimals are consuming only the refuse.pellets. This procedure 
is followed to allow at least a short time for the adjustment of the rumen 
microflora to the new feeding stuff. Trials have been carried out in 'vhich 
cattle have_ been placed on full feed on refuse pellets immediately on entering 
the feed lot. In these cases they are offered four pounds of hay per head first 
and then when the. hay is cleaned up they are offered all the refuse pellets they 
will consume. In no case has scouring been encountered. Circumstantial 
evidence s1.1ggests that the normal fiber level of the refuse pel.lets (14-lSo/o) 
is close to the optimum require!d to maintain normal ruminal activity without 
digestive upset. For commercial feed lot use this feature of the refuse pellets 
has been most useful. 
(b) Growth rate of Refuse Screenings Pellets: A great many feeding trials 
havl'! been carried out with cattle in various weight categories. C~ttle in the 
weight range 400 to 700 pounds maintain a gain of l. 8 to 2. 0 pounds per day. 
Cattle ir the range 600 to 900 pounds maintain a gain of 2. 0 to 2. 3 pounds per 
d:=w, !r thi"~FO trials hay intake was reduced to 0. 6 pounds per hundred pmmds 
body weight per day. This level of hay intake was selected to encourage 
r . 
,; 
I 
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maximum pellet consumption and for the more practical reason that under 
feed lot conditi9ns hay is a fairly expensive commodity in terms of original 
cost and labor· cost of handling. In comparative trials with feed based on the 
regular grains refuse fed cattle in the lighter weights appear to gain at the 
same or nearly the same rate as comparable animals on grain feeding. There 
can be no doubt that the energy yield from the refuse pellets is slightly below 
(probably about 10 o/o) the regular feed grains but under feed lot conditions the 
slightly lower energy yield per pound of feed is more than cqmpensated for I-
by the avoidance of scouring and digestive upsets. On that basis of records 
on some 2.0, Od~ head fe'd on i.'efuse pelLets no mortality has occurred that 
could be attributed to the feed. 
(c) Feed Efficiency: On young cattle in the weight range 400 to 7_00 pounds 
the feed efficiency has averaged under Vancouver conditions 5. 5 pounds of 
pellets and 2. 0 pounds of hay per pound of weight gained when the pellets were 
.hand fed at the full feed level and hay was fed at 0. 6 pounds per hundred pou~ds 
body weight. On cattle in the weight range 600 to 900 pounds the corresponding 
'figures have been 7. 5 pounds of pellets and 2. 2 pounds of hay per pound of 
gain. Large scale commercial field trials under the same conditions indicate 
that these efficiency figures can be realized under such conditions. Insufficient 
research has been carried out to yield efficiency figures for cattle in the weight 
range 900 to 1200 pounds. Preliminary figures suggest that the efficiencies 
will be 9 pounds of pellets and 2. 3 pounds of hay per pound gain. 
(d) Digestibility of Refuse Screenings Pellets:- Time and facilities have not 
permitted the conduct of regular digestion trials with this product. Estimates 
'based on rate of gain data at various levels of feed intake suggest that the total 
digestible nutrient content will be approximately 70% and vary around this point 
to some extEfnt depending upon the level of fat. The digestible crude protein 
level appears to be between 8. 5 and lOo/o. 
(e) Apparent density: Increasing attention has been given to the density 
of feeding stuffs with the advent of pelleting since there is good evidence .to· 
suggest that rate of gain and feed efficiency can be improved by raising the '· 
apparent density or mass per unit volume of feeding stuffs. For this reason 
the appar.ent density of refuse screenings pellets has been measured in corl"-
parison with other common feeding stuffs. The results are given in Table III. 
Table III Apparent Density of Refuse Screenings Pellets 
Feeding Stuff Pounds per Cubic Foot 
Ground Raw Refuse Screenings 23 
Pelleted Devitalized Refuse 44 
Pelleted DEhydrated Grass 44 
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Pelleted Grain base Steer Ration 
containing oats 
Pulverized Oats 
Pulverized Barley 
Soybean meal 
Linseed meal 
-1.2-
33 
28 
33 
38 
The relatively high apparent density of the refuse pellets can be accounted for 
en the basis of the fine grinding that they are subjected to and to a small degree 
to their higher ash content (7. Oo/o). The difference in density between the 
raw ground screenings and the same material in pellet form may explain in 
part why feeding results with the pellets have shov.·ri distinct superiority. 
(f) Carcass Quality: On al-l trials to{' date carcass quality has been complete! y 
comparable with that obtained with regular feeds. There is a tendency for 
the carcass fat to be whiter than on the regular feeds but in most .cp.ses this 
difference is most acceptable to the meat packer. No evidence of taint or off 
flavour has been encountered in ~cattle full fed on refuse pellets right up to the 
day of slaughter. It has been usual to take the cattle off feed and on to hay 24 
hours prior to slaughter but this procedure is not essential. 
':' ___ ....,.,,... ...... --~ 
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NUTRITION OF CAGE LAYERS 
Rollin H. Thayer, Professor 
Department of Poultry Husbandry 
Oklahoma State University 
Stillwater, Oklahoma 
The problems encountered in feeding cage layers are different from those 
h must be dealt with in feeding layers held under floor conditions. The layer 
1
on which is fed to cage layers must be complete in all nutrients which are re-
.· ... ed for high egg production. Hens confined to cages have no opportunity to pick 
utrients from the litter. In many cases it is also difficult to supplement the ration 1 
minerals such as calicum carbonate which under floor conditions can be fed free 
ce in hoppers. All required nutrients in the proper balance must be provided 
e ration which is fed. If this is not done, nutritional difficulties are apt to be 
untered. 
Layer hens held in cages are subjected to more severe stress than is normally 
untered under floor laying conditions. The layers are c:mfined in small 
's isolated one from the other. In this position they are more sens,itive to 
en changes in temperature. They seem to suffer more from high temperatures 
. erhaps require more nutrients to maintain body temperature when air tempera-
s are low. The abnormal environmental conditions seem to intensify any nutri-
deficiency or imbalance which might be present in the layer ration. 
Cage operators try to obtain layer hens which have a high genetic potential 
gg production. These hens require a nutrient intake which will support this 
egg production potential. If it is not provided, the stress of heavy egg produc-
oo brings about marginal nutrition deficiencies which cause a break down of 
nand lowered egg production. 
The ideal layer ration towards which all poultry nutritionists are working 
ave a.ll of the essential nutrients in the proper amounts and proper balance. 
we are somewhere on the road toward the development of this ideal ration. 
progress along this road and the demands of egg production become higher 
tgher it is more and more essential that nutrients be at the proper balance 
~vel in the ration. In addition, as we approach this goal, we have more and 
\nutrients to take into consideration. Some nutrients which were not critical 
er levels of egg production become so as egg production is increased. Thus 
lation becomes more and more complex as the ideal ration is approached 
ore and more problems must be solved if adequate cage layer nutrition is 
~ealized. 
c 
, Nutritive requirements of cage layers in light of these developments, there-
. annot be thought of as individual requirements. In all cases the ration 
fa given nutrient will depend upon the level of other nutrients in the 
The protein level in a layer ration will be determined by the energy level 
ration. 
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The same is true of minerals and vitamins. Thus requirements must be thought 
of in terms of the egg production which is to be expected and the level of other 
nutrients in the layer ration which is to be fed. 
The protein requirement of layer hens has been expressed as a percent of , .. : 
the total ration. Since many £actors must be considered in setting up this require- ; 
ment level, percent of ration becomes meaningless in so far as protein requirement. 
are concerned. It would be much more logical to think in terms of the daily f · 
quantity of ;protein which is required by a layer hen. This daily quantity will be 'to 
determined by the size of the hen, the rate of egg production, and the quality of ft 
the protein which is being fed. When these factors have been considered and the 1L 
daily quantity of protein which is needed has been determined, the percent protein ? 
in the ration will depend primarily on the a mound of feed which a given hen will t 
eat in a day. Thus the percent of protein in a ration should vary inversely with feedl 
consumption. It has been established that feed consumption does increase with an ' 
increase in rate of egg production and for this reason the protein intake of the hen 
would be increased with increased egg production. However, if environmental . 
temperatures are high, feed consumption tends to go down. This in turn limits the 
amount of protein intake per day. In addition, as the energy content of the ration 
is increased, the amount of feed which the hen will eat is decreased. Unless these 
factors are considered, regardless of the protein level in the ration, the protein ., 
intake may be inadequate for maximun egg production. ~. 
The mineral requirements of cage layers must be fully met if eggs are to be I 
produced with good egg shells. Much research needs to be done to study the levels . 
of the individual minerals as well as the important interrelationships which must f 
exist. Since the feeding of supplemental mineral is somewhat of a problem in J 
cage layer feeding it is essential that all th~ minerals which are required for heavyf 
egg production be included in the layer maxh itself. Since all hens are not laying f 
at the same rate and do not have the same mineral requirements this becomes a ~ 
difficult problem with which to cope .. It has been observed at the Oklahoma Experi,f 
me nt Station that phosphorus requirements are perhaps more critical than are ' 
calcium requirements for layer hens. For this reason the proper amount of phos-
phorus as well as phosphorus in a form which is available to the layer hens must 
be provided. This means that in mo&: cases the total phosphorus level in a ration 
should be approximate! y one percent which provides an available level somewhere 
near the requirement. 
In studies with layer hens at the Oklahoma Experiment Station it was found 
that ·layer hens required vitamin levels in excess of NRC allowances if egg produc-
tion was to be maintained at a high level over a long period of time. Layer rations 
containing lower levels of BQcomplex vitamins did an excellent job during the first 
3 or 4 months of the laying period. After that time egg production gradually 
declined in those lots which were provided the B-comple~ vitamins at NRC allow-
ance leveL The layers which were receiving vitamins at from 2 to 3 times the 
NRC allowances declined in egg production, but the decline was less pronouneed 
and high egg production was maintained over a much longer period of time. Rece 
observation at the Washington Experiment Station would indicate that breeder hens 
of 
equire-
und 
produc-
r rations 
the first 
ally 
allow-
the 
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a ration containing adequate levels of B- complex vitamins produced chicks 
ch showed symtoms of B-complex vitamin deficiencies at some time during 
growing period. This emphasizes the fact that NRC allowances as recomm-
at the present time are not adequate for maximum egg production. 
The nutrition of cage layers, therefore, has become increasingly complex 
ing the past year or two. Nctrient requirements must be determined not as 
alated requirements, but as each is related to other nutrient levels in the layer 
tion. This problem of nutrient interrelationships will become more pressing 
the immediate future unless more basis information on nutri vi ve requirements 
MANAGEMENT AND ECONOMICS OF LAYER PROGRAMS 
IN NORTH CENTR. AL STATES 
D. H. Sherwood 
General Mills, Indianola, Iowa 
In some respects cage laying buildings and cage laying management problems in 
orthern climates are different than those in areas of less severe winter climates. 
Most of the new cage buildings are windowless which saves on building costs and 
akes it possible to have better insulated buildings but this means that all lights 
must be artificial and ventilation must bte by forced methods. Because of added 
uilding costs cages in northern states are usually, but not always double-decked. 
uble-decking the cages introduces a couple of more problems in that disposal of 
anure becomes more difficult and cleaning the water trough is much harder.· 
sually there is a dropping board under the top deck which of course must be cleaned 
re or less regularly. This is sometimes done by hand but mechanical cleaning 
quipment for both top and bottom decks is available. 
The water troughs should be cleaned regularly and commercial devices consisting 
brushes on long steel tapes are available for the purpose but our own experience is 
t homemade devices consisting of a sponge wrapped around a bolt and attached to a 
:lastic clothes line also does a satisfactory job of cleaning. If the brush is dipped in 
solution of household deter gent or a commercial quarternary ammonium compound 
. eaning is facilitated. It is sometimes advisable also to use a weak solution of 
sulfate occasionally not only to destroy any algae or fungi in the trough but 
so as a treatment for any birds that may be affected by diseases caused by fungi. 
cidentally, anyone going into cage operations should have_ the water supply checked 
h for bacteria and chemical salts. 
Cage fatigue is frequently seen in caged layers particularly in the first few weeks 
housing. This condition which is more widely observed in some areas than in 
s does not seem to be nutritional in nature nor has any causative organism been 
to exist. Usually birds recover spontaneous! y if placed on the floor with food 
water readily available or if an egg flat is placed under them in the cage with 
and water at a level they can reach. 
Fly control is another problem in all areas. Fly baits consisting of Malathion 
th sugar and sometimes dried whey as an attractant are successfully used inside 
. buildings. Malathion spray may also be used on inside walls. Diazinon spray" 
.ay be used outside the building but should not be used on the inside. Super phosphate 
lime sprinkled on the droppings aid in drying the droppings and ther e'fore reduce 
in the cage house. These materials do not however kill fly larvae. Birds should 
checked for external parasites before caging and if internal parasites are a problem, 
eated at time of caging. 
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Feeding methods vary from operator to operator, but in general. a complete 
ra~her than mash and grain is preferred. Most feed manufacturers make a feed t 
contains sufficient calcium that oyster shell need not be added although sometimes 
recommendation is made that supplemental shell be used particularly in the first f 
months of production and also during the latter part of the bird' s laying year, It is 
our experience that mash is as good as crumbles though it may be slightly more 
difficult to control wastage. Pellets as the sole feed seem to encourage billing out 
but a pellet supplement on top of an all mash ration may increase total feed consu 
tion ('lnd improve egg production. A strip of hardware cloth cut to lay on top of the 
feed in the trough may reduce the amount of feed billed out, and thus reduce wasta 
A typical northern climate cage house will have about one bird for each l. 4 s 
feet of inside space. According to prices quoted by one manufacturer last year 
cost of a complete building including ventilating equipment and laying cages would 
about $4. 00 per bird. A considerable amount of the owner's labor would also be 
involved but at that price would compare favorably with the cost of a well-built flo 
building. Of course mechanical cleaning equipment would add to the cost and the 
amount would depend on the size of cage and other factors but with an 8-inch cage 
would not be over about $1.40 per bird, including cross conveyors. Automatic e 
counters cost about 25¢ per bird. Many cage buildings use trusses so that posts 
which would otherwise interfere with cage placement are not necessary. That 
method of course adds to the cost of construction. Some operators have gone ahe 
and used posts for center supports and cut out the corner of one c:age and by rem 
one cage partition at each post and putting two birds together have not sacrificed 
total cage capacity. 
Evaporative type coolers are frequently used in newer cage houses in areas 
the buildings are completely enclosed. These coolers work best if the relative 
humidity is SOo/o or below. In fact as the relative humidity approaches 70% or t 
abouts, the birds seem more comfortable if the water is turned off and the fans 
alone used. 
Culling, in my op1mon, is sometimes overdone. It is preferable not to cull 
except for obviously unfit birds until the most of them ha.ve reached sexuaJ matur 
We prefer not to cull, except for sick or unthrifty birds, as long as production 
at 75o/o or better. 
ed consump 
top of the 
duce wastage 
st year m 
ages would 
d also be 
ell-built floor 
· stand the 
-inch cage 
utomatic egg 
that posts 
y. That 
ve gone ahead 
I 
and by remo 
sacrificed an 
6 in areas w 
relative 
s 70o/o or ther 
d the fans 
e not to cull 
I sexual maturit I 
. production sta 
- L8-
ENERGY -PROTEIN RELATIONSIDPS WITH GROWING TURKEYS 
C. W. Carlson, Professor 
South Dakota State College, Brookings, South Dakota 
The larger size turkeys eat about three-fourths of their total feed requirement 
during the last half of the growing period. Since the most emphasis has been given 
to the turkey's nutritive requirements up to 8-10 weeks of age, a real need is for· 
more information :on thei·r nutritive requirements during this latter period. ~uch 
of the fundamental information used today in making recommendations for and in 
formulating turkey feeds ~or this tatter period, has been taken from work conducted· 
with chickens~ Some information is available on feeding systems for turkeys .during 
this period, in particular on the use of varied proportions of mash and various 
single grains or grain combinations. When given a free choice of mash and grain, 
turkeys will consume incr·easing _proportions of grain as they get older. Most recom-
rnendations for protein and en.ergy requirements are based upon these observations,. 
i.e. the protein requirement drops and the energy requirement increases. As more 
and more turkey growers are considering the use of all-mash pelleted feeds, more 
precise information is needed on these requirements, particularly as they may _vary 
with age and stage of development. 
Recent results from this station have indicated that during the 12 to 20 week 
period, energy levels may vary quite widely without affecting the rate of growth. 
The most economical growth rates during these later tests however, have been with 
the higher energy feeds. Iri considering oats versus corn as the primary source of 
energy, oats is the cereal of choice, only when its cost is less than 70%, by weight, 
of that of corn. During this 12 to 20 week period also, protein levels of l9o/o have 
been indicated as being the most satisfactory. Though direct comparisons from the 
same experiment are not too conclusive in this regard, growth rates in later studies 
where 19% protein pelleted diets were used far exceeded that obtain-ed earlier with 
16% protein all-mash diets. Better starter diets and pelleted grower diets probab1 y 
ccounted for much of this difference, but protein level must have played an 
mportant part. High energy 19% protein diets with a Calor-ie-protein ratio of 45:1 
ave only slightly better growth rates than low energy 19o/o protein diets with a C:P 
atio o£·35:1 in these later studies . 
For the 20 to 24 week period the data show that the protein content of th'e 
ation can be dropped to as low as 14o/o with satisfactory results. Studies in which 
e C/P ratios were increased from 45:1 to 60:1 and 70:1 continued to show slightly 
r growth rates than those in which the C/P ratios were increased from.35:1 
o 43:1 and 53:1 during this period. 
This work also indicates that the energy content should be increased still 
her during the finishing period. A diet with a C/P ratio of 80:1 gave growth 
uperior to that obtained before on a 60:1 C /P ratio and also superior to the diet 
-19-
m the same study with a 63:1 C/P ratio. Finish was also much improved by the 
wider C /P ratio. 
Further work is n~cessary to clearly establish what the optimum C/P ratios and 
protein levels should be for growing turkeys from 12 weeks' of age to market size. 
,On the basis of this work it is suggested that 19% protein diets be used to at least 
18-20 weeks of age, with energy levels between 700 and 900 Calories per pound. 
The choice of energy level depends upon the relative cost of ingredients and their 
'relative efficiency of production. From 20 weeks and on, protein content can be 
dropped to 14% qr possibly less, and the higher energy levels of from 900 to 1000 
Calories per pound should be used for maximum growth rate, feed efficiency, and 
development of finish. Thus oats or other low energy ingredients may be u.sed 
extensively during the 12 to 18 or 20 week period, but some corn or milo or other 
higher energy source must be used during the finishing period. 
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THE PROBLEM OF AORTIC HEMORRHAGE IN TURKEYS 
P. E. Waibel, Associate Professor 
Department of Poultry Husbandry 
University of Minnesota 
Since the early 1950 1 s certain trukey growers have been bothered by loss 
of birds in their flocks due to massive internal hemorrhage. Healthy, large 
torr,s are most susceptible to this occurrence. On examination, the heads and 
necks of the recently dead birds are pale but otherwise the bird is in goc:id 
condition. Upon autopsy it is observed that blood (usually Clotted) has filled 
the body cavity, and in some cases the lungs and mouth. The mortality due 
to this problem is usually under 5o/o of the flock, although loss up to 20% has 
been reported. These birds die usually between eight and 16 weeks of age, 
thus economic loss involved is quite significant. 
When the viscera are removed from the turkey, the posterior aorta a major 
blood artery) has developed a dissecting aneurism through the layers of the 
artery so that blood leaks into the body cavity. The rupture in this vessel usually 
occurs in the area of the kidneys between the iliac artery and the rear junction 
of the aorta where it divides into the sciatic arteries. 
About a year ago, University of Wisconsin scientists reported that a simi-
lar typ
1
e of hemorrhage in young turkey poults could be produced by feeding 
a chemical called beta-aminopropionitrile (BAPN). In experiments by Dr. Pomeroy 
and the·author at the University of Minnesota follov.ing the Wisconsin report, older 
turkeys were used and it was found that similar hemorrhages could be produced 
with B1\PN in older turkeys as well. On gross inspection of the affected birds, 
it was evident that this hemorrhage was indistinguishable from that observed 
under field conditions. Less than 90 grams ( 1 /5th of a pound) of pure BAPN 
per ton of feed fed to young turkey poults produced hemorrhage in more than 
half of the turkeys between the ages of seven and 13 weeks. Thus a tool for 
studying this hemorrhaging problem is abailable. 
It was thought that perhaps BAPN or a chemical relative was getting into 
turkey feeds and causing the problem in the field. However, with the analysis 
methods available, it has not been possible to detect any significant amounts 
of this compound in poultry feedstuffs. Also, the fact that birds on similc;r 
management and feeding programs reacted differently suggested that the 
causative agent of the field problem was fairly complex. In view of the many 
possible management factors that might influence the production of this problem, 
a questionaire was distributed to turkey farmers in an attempt to rule out or 
isolate certain important factors that might have a bearing on the problem. 
Since over 100 questionaires have now been returned, a summary of this 
survey has been prepared and is shown in Table l. 
For convenience, all qualified replies were divided into four categories 
depending on severity as shown in Table l. The following factors were sum-
0 
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marized for these incidence groups: 
l. Relative breed incidence - Broad Breasted Bronze and Broad Breasted 
White turkeys both showed susceptibility to the problem. It is difficult to 
evaluate the effect of genetic factors on the incidence of this problem. The 
72 questionnaires reporting fatalities obtained poults from 32 different 
hatcheries. It is possible, however, that certain birds show greater tendency 
toward the aortic weakness than others. 
2, Management - Poults started on both litter and and wire mesh floors 
were susceptible to the problem. In the growing period, range birds and . 
turkeys maintained under confinement conditions were susceptible to tne problem. 
3. Feeding program - The type of feeding program employed did not seem to· 
materially affect the incidence of the hemorrhaging problem. Most of the growers• 
in all incidence groups were -using a pre-starter program with crumbles during 
the starting period. They were also employing a free-choice balancer-grain 
system during the growing period. The use of corn as the o·nl y grain did not 
appear to be responsible for the problem. 
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4. Disease program - Results showing diseases reported and types of n 
treatment employed did not reveal a differential picture as to why the hemorrhage· ~ 
resulted. While coccidiosis appeared to occur only in flocks affected with P 
hemorrhage, it is also evident that only 10-15% of the growers in these groups b 
reported a problem with coccidiosis. A similar condition occurred with the 
use of sulfa drugs and 4-nitrophenylarsonic acid. 
5. Flock Performance - According to the results obtained, there appeared 
to be a year to year incidence relationship on various farms, ·that is, farmers 
reporting high incidence for 1957 also reported a relatively high incidence for 
the two preceeding years. This tends to agree with field observations, where 
certain farmers seem to be affected with the problem quite frequently. 
The summary of leg disorder incidence indicates that more than half of 
the farms reporting hemorrhage also reported leg disorders in the same flocks. 
The writer doubts that this is meaningful since it is quite well accepted that 
most flocks have some leg problems. Practically all growers reported sat-
isfactory weight gains. 
Causes and Future of This Problem 
The cause of this problem is not known at this time. The author feels that 
feeding changes over the past ten years, producing faster and more efficient 
growth, have placed increased stress upon certain turkeys under specified 
conditions resulting in the weakest point giving out first. Physiologically, the 
problem resembles to some extent the occurrence of atherosclerosis in birds 
and from this standpoint may be connected with lipid metabolism. It cannot 
be traced directly to the use of added animal fats in feeds, since in many in-
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'stances the problem is severely present when animal fats were never used, except 
possibly in the form of meat scraps. 
Diets have been lessened in their contents of certain unsaturated fatty acid 
sources in recent years. For example dietary fish, soybean oil, and wheat oil 
have been removed or reduced from rations by formulation and meal process-
ing changes. 
Other factors which have increased the rate of growth and changed the over-
all nutritional.balance include the use of higher energy and protein diets, increased 
vitamin fortification levels, antibiotics, other growth stimulants, and the reduc-
tion in alfalfa levels thereby reducing the dietary content of vitamins E and K . 
It also appears that early hatched poults are most severely affected with 
this problem, and it is felt that temperature may play an improtant factor in 
the amount of growth attained. Birds grown in hot weather would not eat as 
much feed and consequently would not grow as fast as earlier hatched birds. 
It appears that this questionnaire has assisted in ruling out certain possible 
management factors concerned with the problem aortic rupture. Many dietary 
, modifications can be suggested and should be tested in an effort to combat this 
problem. If nutrition dies represent a major cause of this problem, it should 
be possible to put the diet back in optimum balance without sacrificing growth 
rate in the process. 
.i. 
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Table 1. Results of Turkey Hemorr:haging Survey 
INCIDENCE GROUPS OF HEMORRHAGING 
Number of questionnaires 
R .ELA TIVE BREED INCIDENCE: 
Broad Breasted Bronze 
Broad Breasted White 
Beltsville Small White 
MANAGEMENT: 
Poults starting on: 
Litter 
Wire-mesh floor 
Growing period: 
Range, o/o 
Oo/o 
17 
65 
29 
6 
76 
24 
76 
0.0-1.99% 
52 
73 
27 
0 
65 
35 
87 
2. 0-3.99% 
20 
70 
25 
5 
55 
45 
75 
4.0-ZOo/o 
13 
92 
8 
0 
62 
38 
69 
Av. Age to range 
Wire or slat floor, o/o 
Pole barn, o/o 
(8. 1 weeks) (9. lweeks) (9. 7weeks) (10. 7 weeks) 
24 12 20 8 
0 
FEEDING PROGRAM: 
Starting: 
o/o using Pre-Starter 71. 
%using crumbles 76 
Growing: 
o/o using "free-Choice"system 76 
-mash-corn-oats 35 
·-mash-corn 12 
··pellets- corn -oats 24 
-pellets- corn 5 
o/o using "all mash" system 24 
-mash 18 
-pell~ts 6 
D 
DISEASE RECORD: 
Diseases Reported: 
Blackh.ead 
B1uecomb 
Coccidiosis 
CRD 
12 
18 
0 
0 
1 
71 
77 
81 
38 
8 
27 
8 
19 
14 
5 
23 
13 
10 
2 
5 
90 
95 
65 
35 
5 
10 
15 
35 
30 
5 
10 
15 
10 
10 
23 
77 
69 
69 
31 
0 
31 
7-
31 
23 
8 
0 
8 
15 
0 
Enteritis 
Type Treatment: 
Streptomycin 
Feri.i<±illin 
Chlortetracycline 
Oxytetracycline 
Sulfaquinoxaline 
Sulfa-drug•s ,-
2 -Amino- 5 -nitrothiazole 
Furazolidone 
4-Nitrophenylarsonic Acid 
Product Mixture* 
FLOCK PERFORMANCE: 
Average age at death 
Average Mortality, 1957 
Average Mortality, 1956 
Average Mortality, 1955 
0 
.) 
6 
6 
6 
6 
0 
0 
6 
6 
0 
0 
( 0. } 
0 
. 35 
. 23 
% 1957 flock with leg disorders 36 
% 1957 flock showing good gains 100 
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2 
2 
2 
6 
4 
6 
,o 
12 
4 
13 
4 
0 
0 
0 
0 
15 
5 
10 
0 
0 
10 
0 
(13. 9weeks} (ll. 3weeks} 
. 8 2. 3 
.7 
.8 
53 
91 
l . 7 
l . 0 
80 
100 
0 
('I 
8 
8 
0 
23 
:.8 
8 
0 
0 
8 
0 
(12. l weeks} 
5.3 
4.5 
2.4 
64 
99 
'~A mixture containing acetyl-(para- nitrophenyl) -sulfanilamids, dibutyl dilsur 
dinitrodiphenyl sulfonyl ethylene diamine, and 3 -nitro -4 -hydroxyphenylar sonic 
acid. 
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LATEST CONCEPTS IN TURKEY NUTRITION 
Rollin H. Thayer, Professor 
Department of Poultry Husbandry 
Oklahoma State University 
Stillwater, Oklahoma 
\ 
A comparison of the nutritive requirements of growing turkeys with the nutri-
e requireme1ts for the growth of other classes of livestock shows that the 
rkey has a much higher nutritive requirement than do other classes of livestock. 
is is not surprising when the nutrient levels in trukey meat are determined. 
search data reported by the Cornell Experiment Station indicates that the protein 
ntent of turkey meat is much higher than that of any other market animaL In 
dition, vitamin levels are a great deal higher. This is in line with the greater 
· quirement of the growing turkey for these nutrients in the growing ration. 
During recent years, turkey breeders have made tremendous advancements 1n 
roveing the growth rate of TY'arket turkeys. It is doubtful that turkey nutritionists 
the other hand have been able. to keep pace with these advancements. As a result 
,arket turkeys are not growing at their maximum genetic potential because certain 
sic nutrient requirement data are not known. 
Feeding trials in which the energy and protein requirements of growing turkeys 
been studied have been conducted ovc:r a protein range which did not exceed 
mum of 32 percent of protein. Because of mixing and formulation difficult-
it has not been possible to provide protein levels in excess of 32 percent and 
the same time supply an adequate calorie intake. Some studies have been con-
" ted on vitamin requirements, but these requirements were determined at 
r protein and energy levels. The same situation holds in so far as mineral 
series of feeding trials were initiated at the Oklahom~ Experiment Station 
two years ago in order to determin•e the protein and energy levels which would 
needed to produce maximum growth in growing turkeys. An experimental ration 
developed in which the protein level could be varied over a range from 24 
cent to 36 percent. This ration was also formulated in such a way that the 
uired calorie-protein ratio could be maintained regardless of protein level. 
ber of feeding trials were conducted in which the turkeys were grown to 
s of age. At the present time a feeding trial i.•s under way using these ex-
mental rations in which the growing turkeys will be grown to standard market 
weeks of age the turkeys which were fed a standard turkey starter con-
g 28 percent protein averaged 3. 83 pounds in body weight and required 1. 85 
s of feed per pound of turkey produced. Irl: comparison the turkeys being fed 
experimental rations averaged 4. 35 pounds in body weight and required L 32 
s of feed per pound of turkey produced. This represents a 13 percent increase 
1: 
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in body weight and a 30 percent decrease in the amount of feed required to produce 
a pound of gain. At ten weeks of age the control turkeys averaged 5. 44 pounds 
in body weight and required 2.18 pounds of feed per pound of turkey produced. 
At this same age the experimental birds weighed 6.16 pound•s and required l. 48 
pounds of feed per pound of turkey produced. 
The data obtained in these studies would indicate that there was a plateau in 
growth at an approximately 32 percent of protein. Differences in body weight betwe~ 
the 32 percent protein rations and those containing 36 percent protein were .ru1.-- signi! 
cant. However, there also was a steady improvement in the efficiency with which 
the feed was converted between these two protein levels. It would appear that the 
growing turkeys were able to consume enough feed at the 32 percent protein level 
to maintain a near maximum rate of growth. At the 36 percent protein level, hCJ\Xl-
ever, their need for protein was supplied by a smaller amount of feed and feed 
efficiency was improved. These facts would point to the possible deficiency of 
one or 'more amino acids at the 32 percent protein level. Preliminary feeding 
trials indicate that arginine, lysine and tryptophan may be limiting at these protein: 
levels: 
The grower rations used in this series of studies are of a practical nature 
with the exception of one or two ingredients. The greatest need in making a prac-
tical application of these basic findings is for a very concentrated source of protein 
of extremely high quality and a source of fat which is in a powder free-flowing 
form. Unless these two products become available or unless lower protein levels 
can be utilized, formulating and mixing problems will make the use of these feeds 
impractical. However, these results do indicate what can be accompliehed and 
provide a goal toward which the tu"rkey producer can move. 
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ANTIBIOTICS FOR LAYERS 
C. W. Carlson, Prqfessor . 
South Dakota State College, Brookings, South Dakota 
Numerous reports have appeared concerning the possible effect of antibiotics 
upon egg production. Many of the earlier reports indicated little or no:effect from 
low levels (2 - 10 gm.) of antibiotics; including penicillin, streptomycin, oxytetracycline 
and chlortetracycline. Data have been published which conflict wit_f these reports and 
which indicate that the use of low-levels of anti,biotics has resulted in increased egg 
production. These conflicting reports suggest that different environmental conditions, 
"degrees of infection", or actual rates of perfo·rmance influence whether or not such 
low levels are effective. In general, the higher levels of antibiotics, particularly 
those of the tetracycline group, have shown a more consistent improvement in egg· 
production. These effects have been most marked when production rates have 
dropped off as a result of disease incidence. 
· Data will be reported from the result of six years work on this problem at the 
South Dakota St_ation which show the following: 
l. Low levels of penicillin ( 2 - 4 gm. /ton) have sli'ghtly but consistently improved 
egg production and hatchability economically. , 
2. High levels of a~tibiotics (30 - 100 gm. /ton) have improved egg production and 
hatchability, to a somewhat larger extent, but not in every instance economically. 
3. Arsanilic acid (90 gm. /ton) has produced an economical increase in egg 
production. 
4. The combination of arsanilic acid (90 gm. /ton) and penicillin (4 gm. /ton) has 
shown some antagonistic effects upon egg production. 
/ 
5. The further additions of furazolidone (25 .gm. /ton) or furizolidone (15 gm/to.n) and 
nitrofurazone (15 gm. /ton) to a diet containing penicillin (4 gm. /ton) improved egg 
production of commercial egg-type hybrids in cages, but the additions did not 
produce as marked or _consistent effects upon the egg production of the native 
S.C. W. L. stock in either floor pens or cages. Feed efficiency was markedly 
improved in floor pens by these additions as well as by chlortetracycline 
(20 gm. /ton). The latter did not improve egg production, but appeared to cause 
a decrease with the caged S.C. W. Leghorns. Similar detrimental effects were 
noted with oxytetracycline (20 gm. /ton) additions to the penicillin containing diet 
for caged W. P. Rocks. A small improvement in egg production through similar 
oxytetracycline use was noted with W. P. R. hens in floor pens. 
6. The antibiotics, nitrofurans or arsenicals have shown little effect upon egg 
size, egg interior quality or progeny growth. Mortality was reduced somewhat 
by the high levels of antibiotics. 
The results indicate that antibiotics, nitrofurans, or arsenicals have been 
. valuable additions to laying and breeding diets under some conditions. Hens laying 
at a relatively low rate or producing eggs with ~elow average hatchability were 
improved mo.?t by dietary supplementation. Which supplement, level of supplement, 
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or combination of supplements to use is dependent upon each situation. Until further 
information is available as to the reason for the an~agonisms, it would seem that 
penicillin and arsanilic acid as here .tested should not be use_d together, and that a 
combination of the tetracyclines with penicillin as here tested should be avoided for 
caged layer flocks. Low levels of penicillin (up to 10 grams per ton) or the combina-
tion of penicillin (4 gm. /ton) and furizolidone.(25 gm. /ton), or arsanilic acid' 
(90 gm. /ton) or high levels of antibiotics (50 - 100 gm. /ton) in most cases have 
been economical in_ improving reproductive performance under the conditions of 
this station and have not shown any detrimental effects. Other work indicates 
that combinations of penicillin with streptomycin or bacitracin may be 
beneficial. 
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RUMEN MICROBIOLOGY AS RELATED TO 
CONCENTRATES AND ROUGHAGES 
C. F. Huffman 
Dairy Department 
Michigan State UniverE.ity 
The dairy industry hinges on the economical conversion of forages and 
rain supplements to milk and meat. This is made possible by the 1. arge size and 
e forward location of the fermentation vat (rumen, reticulum, omasum) where 
.'crobes live. These countless billions of bacteria that are present in this 
rmentation vat break down coarse feed into simple compounds that the host 
mal uses. Actually there are two kinds of microbes in this vat, bacteria and 
The bacteria are believed to be the most important form of microscopic 
The function of protozoa is not understood. 
When old bossie swallows forage,. it passes to the rumen where the bugs 
warm over it hunting for cracks to penetrate. The micrbbes produce enzymes 
the actual digesting. The tough long pieces are brought back into the 
outh for another going over. We call this cud chewing. 
Probably the most important parts of the forage tha_t are broken down 
microbes are carbohydrates. These include crude fiber and nitrogen free-
xtract as well as sugars and starches. The cow does not produce enzymes that 
est the fibrous part of forage, that makes up more than 50 percent of the dry 
ter, but depend on those produced by microbes. This is of great economic 
rta.nce sinre that forages supply cheap energy. 
These sources of energy are broken down by the rumen microbes to short 
in fatty acids and gases. The acids are principally acetic, propionic and but-
These acids pass through the rumen wall into the blood stream and pass to 
The total energy supp-lied by volatile fatty acids plays an imp·o-r~tant 
ole not only in energy relations, but in other respects as welL 
A certain amount of acetic and butyric acids are essential for optimum 
fat production. In experiments with high grain, limited hay, the percent 
fat in milk declined. It appears that 8 to 10 pounds of hay per cow per day is 
eded for this purpose. There is some evidence, however, that the feeding of 
mixtures low in starch may not lower the test. 
The-cause or causes of ketosis is not known other than the effect of stress. 
re is some evidence that the feeding of rations that bring about the production 
greater quantities of propior.ic acid may help in the prevention of ketosis. 
tates have been used for the treatment of this condition. 
Rumen microbes make a great contribution to the cow, but the many good 
that they build up is also important.. They are capable of taking low grade 
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protein and even nitrogen compounds such as urea and make a high class protein 
for the cow. This explains why quality of protein is not so important in the nutrition 
of dairy cows. 
The bugs of the fermentation vat, also have the ability to make many vitamins 
for her own use and to put into milk. Vitamins A, D and E cannot be made by the 
microbes or by the tissues of the cow, but must be supplied in the ration. 
The pay off in rumen studies is to know how to direct microbial fermentation 
so that the cow makes good use of roughage. Considerable progress has been made 
in learning how to supplement poor roughages such as cereal straws and corn cobs. 
When corn cobs are balanced with protein, cereal grains, minerals and vitamins 
there is still a factor lacking that is needed for proper digestion. Alfalfa ash or 
valerie and iso-valeric acids appear to supply the missing factor or factors. 
Apparently, the necessary rumen factors are supplied with good fora<ge crops 
and grain supplements. This is the possible explanation for the failure of many rum 
preparations, and yeast to bring about increased growth of milk production. As a 
matter of fact the greater use of high yielding forages with a lot of built-in-grain 
means a strong dairy business that sould result in a stronger feed industry. 
